Abstract. We describe the breeding biology of Brown Thrashers (Toxostoma rufum) in Kansas, and combine this with data from other temperate-zone breeding Mimidae to characterize reproductive patterns in this group. Brown Thrashers produced clutches of 3 to 6 eggs, but clutches of 4 predominated. Most pairs raised 2 broods per year. Incubation required between 13 and 14 days, and hatching was usually asynchronous. Though sample size was small, asynchrony appeared to increase in frequency towards the end of the breeding season. Nestlings grew rapidly, and in 10 days or less most pre-fledging growth was completed. Young fledged normally at 11 days of age at 65% of aduli weight, but with the tarsi near adult size. Nestlings starved in 27% of nests, but predators were responsible for most nest failures. Overall nest success was 43%.
INTRODUCTION
Variability of growth rates and hatching patterns in altricial nestlings have been related chiefly to features of their food supply and the frequency of nest loss to predators. Growth rates determine peak nestling energy demand (O'Connor 1977, Ricklefs 1984) and time spent in the nest, thereby influencing both the parent's ability to eliminate starving young through brood reduction (O'Connor 1977), and the probability that predators will locate and destroy nests before fledging (Lack 1968 , Ricklefs 1969a . Hatching asynchrony results in size differences among young which has traditionally been viewed as an adaptation to facilitate brood reduction (Lack 1954 , Ricklefs 1965 , Howe 1976 , Richter 1984 . It may also shorten exposure time for nest contents, and give the earliest hatching young growth advantages to increase their probabilities of escaping a predation attempt on the nest (Hussell 1972, Clark and Wilson 1981) . Existing theory thus predicts the evolution of hatching asynchrony and rapid nestling growth in species either exploiting unpredictable food supplies, or suffering high rates of nest predation. Hatching asynchrony, however, possibly occurs for other reasons (Richter 1982 , Clark and Wilson 1985 , Hussell 1985 , Mead and Morton 1985 .
In this report we describe the breeding biology of Brown Thrashers (Mimidae: Toxostoma rufum) in eastern Kansas, including the first data on nestling growth. Aspects of their reproductive biology have been documented in a portion of their range (Erwin 1935 ), but only fragmentary information exists for Brown Thrashers breeding west of the Mississippi River (Gabrielson 1912 , Johnston 1958 ). In conjunction with data on hatching and growth patterns, and sources of nestling mortality in other temperate-zone breeding mimids, we also describe and attempt to identify the selective basis for breeding patterns in this group.
One possible contributor to variability in reproduction is body size (Ricklefs 1968 , Rahn et al. 1975 , Blueweiss et al. 1978 , Western and Ssemakula 1982 , Calder 1984 . Comparative breeding studies must therefore control for differences in size. Comparisons of allometric (i.e., size-dependent) relations of specific taxa to "average," empirically derived allometric relations are in fact preferable to single species comparisons because they are less subject to error. Our results suggest that reproductive patterns in mimids exhibit size dependence, but that a combination of ecological pressures have probably acted in concert to produce the characteristic mimid pattern of rapid nestling growth and short nest occupancy.
METHODS

BROWN THRASHERS
Field studies were conducted from the end of April through July, 1981 and 1982 in moderately grazed pasture located 6.5 km west of the city of Lawrence, Douglas County, Kansas (38057'N and 95019'W). Scattered shrubs and trees were found throughout the site, but habitats with a closed canopy comprised less than 5% of the total area. Virtually all nests were located within an intensively studied area measuring about 740 x 540 m (40 ha).
Nests were located by observing females in transit to either existing nests or those under construction. We visited nests every 2 to 3 days until eggs were laid, and then followed them until fledging of young or destruction of the nest. Dates of clutch initiation were obtained either by direct observation or by backdating from hatching date of clutches. Clutches observed during egg-laying were considered to be complete if successive visits indicated no change in egg number. Heavily incubated clutches were also assumed to be complete. Because eggs were always laid on successive days during laying, and because we had no evidence for egg removal by the brood-parasitic Brown-headed Cowbird (Molothrus ater), we assumed that clutches first observed during incubation represented fuli clutches. Nests that fledged at least one nestling were considered successful. We corrected nest success for exposure time using Mayfield's (1961) method.
Additional clutch size data were obtained from nest records at the University of Kansas Museum of Natural History (KUMNH, Lawrence, Kansas). For the nest records to be satisfactory for use, we required that successive visits had been made to each nest that indicated no change in egg number, or the observer noted that incubation was in progress. Only 38 of 98 nest records satisfied these criteria. We combined the nest record-card information with our field data and grouped nests into 15-day periods beginning 15 April to test for seasonal changes in clutch size. We also measured eggs for maximum length (L) and breadth (B) in six nests in the field in 1981 and for 21 clutches previously collected in the same region and now located at the KUMNH. Volume was calculated as 0.51(L x B2; Hoyt 1979), and then converted to weight by multiplying by egg density (= 1.09; Manning 1978).
A group of nests that survived incubation was used to measure nestling growth. Most nests were visited daily. Nestlings were identified by clipping toenails at the first visit. At the first and all subsequent visits, nestlings were weighed to the nearest 0.1 g (50 or 100 g Pesola Scale) and tarsus and eighth primary lengths measured to the nearest 0.1 mm. Adult sizes were obtained from specimens in the KUMNH from eastern Kansas.
INTERSPECIFIC STUDIES
We restricted our analysis to species that breed in temperate-zone regions. Our sample included all 10 species of Mimidae breeding in North America, and one South American species. Due to varying degrees of completeness, sample sizes for different analyses varied. We treated Arizona and south Texas populations of Curvebilled Thrashers (T. curvirostre) separately since adult body size, clutch and egg sizes, and nestling growth all showed distinct differences.
Adult weights were taken from original sources when given. Otherwise, we used Durin's (1984) compilation, or the field records of associates to obtain weights for adults. Adult tarsus lengths were measured (nearest 0.1 mm) from 5 male and 5 female specimens for each species with data on growth of the tarsus (study skins from the KUMNH). We estimated mean egg weight for each species using the egg measurements given in Bent (1948) and Fraga (1985) , and the conversion factors described above for Brown Thrashers. This was justified by comparison of calculated egg weight to actual fresh egg weight for Crissal Thrashers (T. dorsale) and Chalk-browed Mockingbirds (M. saturninus) given by Finch (1982) and Fraga (1985) , respectively. In both cases, calculated and observed weights differed by less than 1%. Clutch size, incubation and nestling period lengths, weight gain and tarsus growth, and nest success were taken from original literature sources. We used Bent's (1948) summaries for the former three variables only when data were not available from field studies.
Rates of nestling weight gain and increase in tarsus length were calculated for all species with data using Ricklefs' (1967) graphical method. Allometric relationships between body size (or egg size) and reproductive traits in mimids were described by applying least squares linear regression to double logarithmic transformations of each dependent variable versus body weight (or egg weight). Comparison of the mimid relationship to established allometric baselines (see below) were made by determining whether the 95% confidence intervals enclosing the mimid expression in- cluded the baseline allometric relationship for birds. The average length of incubation (time between the laying of the last egg and its hatching) was 13.6 days (SD = 0.55, 3 at 14 and 2 at 13), significantly longer than that reported by Erwin (x = 12.6 days, SD = 0.71, n = 17; t = 2.89, df = 15, P < 0.05). Though based on a small sample size, it appeared that hatching synchrony varied seasonally. Of six nests for which the pattern of hatching was determined, two early-season nests were synchronous, whereas four clutches hatched in the latter half of the season were all asynchronous (i.e., > 1 day required for all eggs to hatch).
RESULTS
BROWN
The nestling period averaged 11.6 days (SD = 0.89 days, n = 5, range = 11-13), in accordance with Erwin's (1935) reported mean of 11 days. Table 1 summarizes data on nestling weight gain and growth of the tarsus and eighth primary feather over this period. Average asymptotic weight (A) and rate of weight gain (K) were 47.9 g and 0.512, respectively. Average values for the tarsus were A = 34.9 mm and K = 0.444. At fledging the tarsi were nearly adult length but weight was only at 65 to 70% of adult size (Table 1 ). The times required to grow between 10 and 90% of final fledging size (t1-90; Ricklefs 1967) were 8.6 and 9.9 days, respectively, for weight and tarsus length. Hence, in 10 days or less both variables were about fledging size, which for the tarsus was nearly adult size. Egg weight was a direct function of body size. Adult body weight accounted for 87% of the total variation in egg weight (P < 0.001; Table  3 ). The 95% confidence limits completely enclosed the average regression line describing the relationship between adult weight and egg weight in passerines (Fig. 2) (Table  2) , and was the longest in the Sage Thrashers (Oreoscoptes montanus), despite it being the second smallest species. Incubation length was not significantly correlated with either adult body weight (r = 0.163) or egg weight (r = 0.216).
After excluding Sage Thrashers, however, significant relationships were found to exist between incubation length and both adult However, the coefficient (Y-intercept) in Ricklefs' equation was 36% higher than the values we obtained using either adult or asymptotic weights (Fig. 3) . The 95% confidence limits around the regression of rate of weight gain on asymptotic nestling weight for mimids (Fig. 3) Column headings starting with n are: sample size, Y-intercept, regression coefficient (95% confidence limits below), mean of the dependent variable (95% confidence limits below), mean of the independent variable, coefficient of determination, probability level.
indicating that nestling mimids grew faster than expected based on size.
Tarsus growth rate also scaled to adult body weight with about the same exponent (b = 0.270; Table 3 ). The relationship only approached significance (r = 0.796, P = 0.062, n = 6). The larger coefficient for tarsus growth indicates relatively slower growth compared to weight, despite the fact that the young fledged with their tarsi at about adult size (Table 4) . Presumably, this reflects the fact that the tarsi were relatively much closer to adult size at hatching than was weight (e.g., Table 1 ).
Relative weights at fledging (Rw) were all fairly low (Table 4; (Table 4) .
Hatching patterns, starvation, and nest success. Data on hatching asynchrony and the occurrence of nestling starvation were not available for all species (Table 5) . Of the 9 species for which information on hatching patterns was found, 7 reported asynchrony to be common, especially in large clutches. Starvation was not as well documented. For the seven species with data, starvation occurred frequently in three, was absent in two others, and in both the Gray Catbird (Dumetella carolinensis) and Curvebilled Thrasher was reported to be common in one study yet essentially absent in another (Table 5) . When starvation was reported, about 25% of all nests were affected (Table 5 ).
The percentage of nests which successfully fledged young varied from 26% to 70%. To compare species for differences in the rate of nest loss we calculated the average proportion (unweighted) of successful nests for each species, and converted it to average daily nest mortality rate (Ricklefs 1969b 
DISCUSSION
Breeding patterns of Brown Thrashers in Tennessee and Kansas were very similar. The only apparent differences between Erwin's (1935) study and ours were that incubation was significantly shorter in Tennessee, and that clutch size declined seasonally in Tennessee but not in Kansas. The difference in incubation length seemed likely to have arisen from methodological differences in the determination of length. Whereas we counted incubation from the end of egg-laying to hatching of the last egg, Erwin probably counted to the hatching of the first egg. The difference in seasonal variation in clutch size was probably artifactual since a definite trend existed for late clutches to be smaller in Kansas. Small sample size rather than intrinsic population differences probably account for this discrepancy.
Breeding patterns among temperate-zone mimids were also quite uniform. Our emphasis on relating reproductive traits to body size clearly showed that much of the observed interspecific variability in certain traits was due to differences in body size. However, our method of analysis also highlighted a number of unambiguous trends in the data indicating that ecological factors have significantly influenced the evolution of life histories in the Mimidae.
Clutch size, for example, was independent of body size yet did vary with geographic distribution. All species were multibrooded, and laid normally 3 to 4 eggs per clutch. Mimids of the arid southwestern U.S. and Mexico, however, produced smaller clutches than species breeding elsewhere. This was evident even within Curve-billed Thrashers ( Table 2) . Nestling Curve-billed Thrashers from Arizona also showed the slowest relative growth rate of all species in the sample (Fig. 3) . The small average clutch size of these species, and the heavy nestling starvation in Curve-billed Thrashers from Arizona (Ricklefs 1965), but not Texas (Fischer 1983) , suggest that the rate at which offspring can be supplied with food is limited in desert environments. This may be due either to low habitat productivity (Rosenzweig 1968) or limitation of adult activity by thermal stresses (e.g., Calder 1968, Ricklefs and Hainsworth 1968 , Austin 1976 , 1978 .
The strongest pattern, however, was the consistent trend for rapid development of both embryos and nestlings, and the generally short periods of nest occupancy. Incubation length did not scale closely to body size in our sample, due mainly to the long incubation period of Sage Thrashers. In all species, however, incubation was shorter than expected based on either adult size or egg weight. Relative incubation length also decreased significantly as body size increased, hence, the large species had the shortest relative lengths of incubation. Nestling growth rate was dependent on body size, but nestlings nonetheless grew significantly faster than expected. Growth patterns were such that young fledged at only 60% to 80% of adult weight, but with the tarsi always near adult size. Relative weight at fledging also decreased as adult body size increased, indicating that the young of the large species fledged at relatively earlier stages of development than the offspring of small species.
These data, and the finding that daily nest mortality rate rose significantly as adult body size increased, suggest strongly that minimization of the time spent in the nest exposed to predators as vulnerable eggs or nestlings is extremely important for mimid reproductive success. In accordance, predation was the major cause of nest failure in all the studies cited in Table 5 (see also Biedenweig (Fraga 1985) and Brown Thrashers (this study). Gabrielson's (1912) observations on the distribution of food to four nestling Brown Thrashers also match predictions of the brood reduction model in that the smallest nestling received significantly fewer feeds than expected by chance (n = 878 feedings, G = 11.7, df= 3, P < 0.01).
Thus, rapid nestling growth (and hatching asynchrony) in Brown Thrashers, and possibly other mimids, may also function in brood reduction. Though nestling starvation is less common than nest predation among mimids, the variable occurrence of starvation may itself reflect the temporally and/or spatially variable nature of food supplies. At present, we cannot identify which, if either, of these models (nest predation vs. brood reduction) is primarily responsible for the pattern of rapid embryo and nestling growth that we have detected. We feel it is likely that both have contributed to the evolution of nestling mimid growth patterns. This conclusion, though unsatisfying from the standpoint of clean hypothesis testing, perhaps more realistically reflects the multiple selective pressures impinging on individual reproductive success. We suspect that many groundforaging birds (which nest close to the ground and frequently experience heavy nest predation), face similar selection pressures, and exhibit patterns similar to those found in the Mimidae.
Clearly, more data and experimental tests of these ideas are necessary. Information is needed on hatching patterns, nestling growth, and rates of starvation in all species, but especially for mimids of the deserts of southwestern North America. It would be instructive also to determine whether food supplies, hatching patterns, the frequency of nestling starvation, and predator activity covary on either an annual or seasonal basis (Mead and Morton 1985, this study). Such information may allow discrimination between the several hypotheses that have been proposed to account for the evolution of hatching asynchrony and nestling growth rates in passerine birds.
SUMMARY Our analysis of reproduction in Brown
Thrashers and other temperate-zone breeding mimids leads us to conclude that (1) body size accounts for much of the interspecific variability in certain reproductive traits, but that (2) ecological pressures have selected for distinct patterns, including rapid development of embryos and nestlings. We suggest that both frequent loss of nests to predators, and unpredictable (but stable) food supplies have favored the evolution of the rapid developmental rates that characterize temperate-zone Mimidae. Hatching asynchrony is also common in mimids, and appears to function in brood reduction. Further data, and tests of these hypotheses are necessary, particularly in desert species.
